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DESCRIPTION 



REMOTE CONTROL SYSTEM AND RELATED METHOD 
AND APPARATUS 

5 

The present invention relates to a remote control system for an audio 
output system and also to a method and to devices related thereto. 

Remote control devices, particularly within domestic environments, 
10 have found wide use in relation to household electrical items such as stereo 
systems, television and video / DVD systems and serve to improve the ease 
and convenience with which the output delivered from such equipment can be 
controlled. 

Although, for example, it is known to combine the control of a television 
15 apparatus and video apparatus within a single remote control device, most of 
the currently available household system generally requires its own remote 
control device and each of these generally emits an infra red control signal and 
so requires a line of sight to the equipment being controlled. 

Thus, for a user having a variety of, for example, entertainment systems 
20 within a domestic environment, and requiring specific control of one particular 
piece of equipment within one of the systems, it is necessary to first locate the 
appropriate remote control device and then ensure that the remote control is 
operated within suitable proximity of the system being controlled. 

Such requirements disadvantageously serve to limit the full advantages 
25 that can be achieved by means of a remote control unit and introduce a 
potential layer of inconvenience, possible delay, and possible user-frustration. 

Also, as a desire to duplicate systems within a domestic environment, 
for example through the use of various television sets throughout the house, or 
the adaptation of further electrical equipment to be controllable by way of a 
30 remote control increases, then the disadvantageous limitations mentioned 
above become more readily perceptible and pronounced and therefore have 
the potential to cause an increase in user-frustration. 
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The present invention seeks to provide for an audio system, and related 
method of operation and devices having advantages over currently known 
such systems, methods and devices. 

5 According to a first aspect of the present invention, there is provided an 

audio system comprising an audio signal generating means for output of an 
audio signal, and a remote control device for control of the audio signal 
generating means, the audio signal generating means having means arranged 
for including an identification signal within the audio output and serving to 
10 identify the audio signal generating means from which the audio signal is 
output, the remote control device being arranged to receive the identification 
signal and to identify the audio signal generating means from which the audio 
signal is output. 

The said identification signal is advantageously provided as an 
15 inaudible signal and the audio signal generating means can advantageously 
be arranged to adjust the volume of the identification signal as required so as 
to retain the volume below a likely audible-threshold. 

Advantageously, the identification signal is provided through modulation 
of the audio signal to be output. 
20 The identification signal can comprise any form of appropriate 

watermark although one particular embodiment advantageously employs a 
Pseudo-Random Noise (PRN) signal. 

As a further feature, the remote control device can be arranged to 
adjust the volume of the output audio signal responsive to a change in the 
25 magnitude of the identification signal received. 

In this manner, if a user is moving within a particular environment with 
the remote control device, the volume of the audio signal output can be 
increased, or decreased, automatically as the user moves away from, or 
towards, the audio signal generating means so as to maintain a seemingly 
30 constant level of volume for the user. 

The audio system can also be arranged so as to determine this distance 
between the audio signal generating means and the remote control device and 
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on the basis of the received identification signal. This can assist the remote 
control device in determining which of one of a plurality of audio signal 
generating devices is nearest and therefore represents the most appropriate to 
be controlled. 

5 The arrangement for determining the distance between the remote 

control device and the audio signal output means advantageously employs 
determines the timed receipt of a signal at the remote control device. 

In particular, a time reference is generated at the remote control device 
and transmitted to the audio signal generating means so as to determine the 
10 subsequent timed receipt of the identification signal from the audio signal 
generating means. 

Alternatively, or in addition, the timing reference signal can be 
generated at the audio signal generating means and transmitted to the remote 
control device. The remote control device is then advantageously adapted to 
15 include an appropriate channel and receiver for such timing reference data. 

It should be appreciated that the distance measurement between the 
audio signal generating means and the remote control device can be 
determined on the basis of the timed receipt of the identification signal at the 
remote control device and from the known speed of sound. 
20 Further, the audio system can include means arranged to determine the 

. position of the remote control device relative to the audio signal generating 
means. 

Such positional data can advantageously be calculated on the basis of 
the determination of a distance of the remote control device from at least two 
25 audio signal generating means. Since the audio system is likely to employ at 
least two channels, with, for example, respective loud speakers, each of the 
said two audio signal generating means can comprise each of the said at least 
two loud speakers driven by associated audio channels of an output device. 

Each separate channel can then advantageously employ a different 
30 identification modulating signal for the respective output audio signal. 

The remote control device can then advantageously be employed to 
control the respective volumes of the different channels of audio output from 
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the audio signal generating devices in a manner responsive to the relative 
position of, and indeed changing position of, the user with regard to, for 
example, the two loud speakers. 

In this manner, the balance between the two channels as perceived by 
5 the user can advantageously be maintained at a relatively constant value 
irrespective of the movement of the user relative to the positions of the two 
loud speakers. Of course, if more than two channels are available they can 
also be employed for position determination. 

Yet further, the audio system can advantageously comprise a plurality 

10 of audio signal generating means provided at quite separate locations 
throughout, for example, the domestic environment. A change in position of 
the remote control device serves to provide a control signal to vary the output 
from the various audio signal generating means and with, for example loud 
speakers located throughout the house, the user can continue to listen to the 

15 audio output at an appropriate volume while moving throughout the house 
through the selected enabling and control of, for example, the loudspeaker(s) 
to which the user is nearest at any instant. 

In such a manner, the audio system can be arranged to hand over 
between different audio signal generating devices to effectively follow the user 

20 throughout the house. 

As will be appreciated, the above-mentioned advantageous features 
relating to the control of the audio signal generating devices in a manner 
responsive to the distance of remote control device from, or the relative 
position of the remote control device to, the one or more audio signal 

25 generating means is achieved through the adoption of the modulation of the 
acoustic output signal with data identifying the device from which the acoustic 
output signal is derived. 

According to another aspect of the present invention, there is provided 
a method of controlling audio signal generating means arranged for the output 

30 of an audio signal and including the steps of including an identification signal 
within the audio output and which serves to identify the audio signal generating 
means from which the output is generated, and receiving, at a remote control 
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device arranged for control of the audio signal generating means, the 
identification signal and processing the same so as to identify the means from 
which the audio signal was output so as to allow for delivery of a control signal 
from the remote control device to the identified audio signal generating means. 
5 The method is advantageously further arranged so as to provide for the 

advantageous features discussed above in relation to the audio system. 

According to yet another aspect of the present invention there is 
provided audio signal generating means for output of an audio signal and 
having means for including an identification signal with the output audio signal 
10 and serving to identify the audio signal generating means. 

Advantageously, such an audio signal generating means can 
advantageously include the features from the audio system defined above so 
as to render such a device suitable for use in such a system. 

According to a further aspect of the present invention, there is provided 
15 a remote control device for controlling an audio signal output from audio signal 
generating means, the remote control device being arranged to receive and 
process an identification signal from the audio signal generating means and so 
as to identify the audio signal generating means from which an audio signal is 
output. 

20 Such a remote control device can include the advantageously preferred 

features of the audio system described above and so as to render it suitable 
for use within such a system. 

The invention is described further hereinafter, by way of example only, 
25 with reference to the accompanying drawing which comprises a schematic 
diagram of an audio signal generating device, and a remote control device 
according to an embodiment of the present invention. 

In relation to a domestic environment, it is thought that future 
30 developments will seek to adopt the environment so that the vast majority of 
electrical devices can exchange content with each other and which, 
advantageously, will require control in a readily useable, and simple, manner. 
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Typical use scenarios comprise controlling video and audio sources in different 
rooms and such requirements will only serve to emphasize limitations in the 
current provision of generally one remote control per device since the user will 
then actively have to walk into the room in question, find the remote control 
5 and point it at the device to be controlled. Such a requirement generally runs 
contrary to the advances sought by such a "connected" domestic environment. 

Turning now to the accompanying drawing, there is illustrated an audio 
system 10 comprising an acoustic source 12 and a remote control unit 14 for 
controlling the output from the acoustic source 12 and which can comprise one 
10 of a variety of home entertainment devices within a "connected" home. 

Within the acoustic source 12, there is developed an audio signal 16, for 
example an audio signal representing music, which is delivered, by way of a 
modulator 18, to an audio amplifier 20 which in turn is arranged to drive a loud 
speaker 22. 

15 The loud speaker 22 then emits sound waves 24 so that a user can 

listen to the required audio output from the source 12. 

Within the acoustic source 12 there is also provided a PRM generator 
26 which receives a timing reference signal 28 from a receiver 30. 

The receiver 30 is arranged to receive control signals 32 from the 

20 remote control unit 14 and, in addition to outputting the time reference signal 
28, the receiver 30 is also arranged to output control command signals 34. 

Turning now to the remote control unit 14, this includes an appropriate 
transducer such as a microphone 36 for receiving the sound omitted from the 
loudspeaker 22 of the acoustic source 12. The microphone 36 is arranged to 

25 deliver the signal generated therein to the signal processing block 38 which 
can deliver positional data to a user interface 40. The user interface 40 
provides for control commands 42 for a transmitter 44 which is arranged to 
provide the control signal 32 mentioned above. The control signal, as 
described below, can be provided by way of a radio or infrared channel. 

30 Within the remote control unit 14 there is also a time reference block 46 

arranged to deliver a time reference signal to both the signal processing block 
38 and the transmitter 44. 
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As a summary of the operation of the audio system illustrated in the 
accompanying drawing, it should be appreciated that the audio signal 16 to be 
output from the audio signal generating means comprising the source 12 and 
associated loud speaker 22, is modulated, via the modulator 18 and PRN 
5 generator 26, by way of a PRN code signal. 

The PRN code signal serves to identify the actual source, either the 
acoustic source 12, or the specific loud speaker 22, if more than one loud 
speaker is associated with the source 12, from which the sound 24 is emitted. 

However, as discussed in further detail below, the PRN sequence 
1 0 added to, for example, their music signal 1 6, is in in-audible to the user. 

As noted, the remote control unit 14 includes a microphone 36, which is 
arranged to extract the PRN signal and deliver it to the signal processing block 
38 which provides for the full extraction of the data identifying the source of the 
sound 24. 

15 Such an arrangement forms an important part of a feedback loop arising 

in accordance with the present invention in which, through merely being in the 
presence of the sound delivered from, for example, the loud speaker 22, the 
remote control unit 14 can determine the exact device, for example, the loud 
speaker 22, which is outputting the sound 24. An appropriate control command 

20 can then be transmitted by way of the transmitter 44, to the acoustic source 
12, so as to ensure that it is that specific acoustic source 12 that is controlled 
in an appropriate manner so as to vary the output sound 24 as required. A 
single remote control device can then be provided for the accurate control of a 
plurality of output means. 

25 As discussed further below, once having readily, and accurately, 

identified the particular audio signal generating device from which the sound 
24 is output, it further becomes readily possible to determine the distance 
between the remote control unit and particular audio signal generating device, 
and further, the actual location of the remote control device relative to the 

30 audio signal generating means. 

Such determination of distances and relative locations, can further be 
employed so as to enhance the manner in which the sound output 24 is 
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controlled responsively merely to the position of the remote control relative to, 
or the distance from, the audio signal generating means. This further 
enhances the ease and accuracy with which an appropriate device can be 
controlled by the remote control, and in particular the manner in which a 
5 plurality of devices can be identified and subsequently controlled by a single 
remote control. 

In this manner, a remote control unit arranged to control any one of a 
wide variety of the devices, in a manner requiring reduced user intervention, 
can readily be achieved. 

10 From the above it will be appreciated that a variety of different levels of 

service may be implemented, trading complexity against functionality. 

Firstly, for example, the mere identification of the sound source 12. This 
uses the hidden identification signal such as a PRN code sequence or other 
watermark in the sound 24 in order to allow the remote control device to 

15 identify the currently audible sound source 12. This then allows the user 
interface 40 of the remote control 14 to default to the identified source thus 
simplifying the most likely use scenario of the remote control 14. An adaptation 
to this is to arrange for the automatic adjustment to the audio volume of the 
source in order to keep a constant volume level at the position of the remote 

20 control device. In this manner, the control signal emitted from the remote 
control is selected from a variety of different possible control signals, to be one 
specific to the particular source 12 and to increase and decrease the volume 
of the output sound in the manner specified above. 

As an enhancement to the mere identification of the sound source 12 

25 the distance between the source 12 and the remote control 14 can readily be 
determined and this can help refine the user interface behaviour by improving 
arbitration between different sources and/or between different remote control 
devices. 

As an extension to the mere measurement of the distance between the 
30 source 12 and the remote control 14 it becomes readily possible to compute 
the position of the remote control device relative to sound sources within for 
example a room. Potential applications for such an arrangement include 
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moving the "sweet spot" i.e. the location of appropriate balance between for 
example stereo channels of an audio system to effectively follow the user in 
the room as the user moves relative to the two speakers. Yet further it would 
be possible to have an audio/video programme effectively follow the user 
5 around the house. The later can be achieved by using dynamic volume control 
as discussed above and as discussed above and as well as handing over 
between different audio sources spaced around the house. 

Returning to discuss the illustrated embodiment in more detail, it should 
of course be noted that one possible implementation is to add a PRN 

1 0 sequence to the music. 

PRN sequence, may be adjusted in volume to stay below hearing 
threshold at all times, is known to the receiver part of the remote control 14 
and is of course unique to each audio source. The remote control 14 can use 
the knowledge of the sequences to extract it from the microphone 36 signal, 

15 even when the volume of the PRN signal is significantly below the level of the 
sound 24. 

For position determination, the carrier frequency should be selected to 
be as high as possible. On most audio equipment, it is feasible to reproduce 
sound up to low ultrasound frequencies and this, if possible, should be 

20 employed since the frequency is directly proportional to the accuracy with 
which positioning can be achieved. 

The second advantage of high frequencies is that the sensitivity of 
human hearing drops off quickly towards higher frequencies and so selection 
of a high carrier frequency for the hidden identification signal will enhance the 

25 masking of the positioning signal. 

As will be appreciated in order to measure the distance between the 
remote control 14 and the source 12, the remote control 14 must be 
synchronised to the source 12. Depending on the topology, several methods 
are possible. In the example shown, the remote control 14 is arranged to 

30 generate the time reference and then use the wireless or IR channel 32 for 
time transfer. Compared to the propagation speed of sound, this channel 32 
can be regarded as instantaneous. In this case, the PRN generator 26 in the 
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sound source 12 s synchronised by a special time signal from the remote 
control 12. 

If the remote control 14 is provided with a bi-directional wireless/IR 
channel, it may be beneficial to place the time reference at the sound source. 
5 In the case of a system such as a "home multimedia centre", a single time 
reference may serve all remote control devices as well as all sound sources. 

Many of the proposed scenarios for the so-called connected home 
already feature time synchronisation, in order to allow synchronised content 
streaming via wireless connections between individual devices. For such 

10 systems, no additional synchronisation would therefore be needed for adoption 
of the present invention. 

Given the relative slow propagation speed of sound (~300m/s), the 
synchronicity only has to be in order of milliseconds, which is easily achievable 
through methods such as Network Time Protocol (NTP1) or simply by sending 

15 the time reference signal via a direct IR or RF link. 

For example assuming that the PRN sequence starts at time tO, it will 
arrive at the remote control 14 from the source 12 after t = d/v seconds, where 
v is the known speed of sound and so d, the distance between the source 12 
and the remote control 14 can be readily determined. 

20 To measure t, the signal processing block 38 in the remote control 14 

serves to replicate a number of delayed PRN sequences. The delay is known 
as the code phase and each replicated sequence is correlated with the signal 
from the microphone 34. By searching through the different code phases, the 
one corresponding to the highest correlation peak corresponds with the time t. 

25 To guarantee certainty, the length of the PRN sequence should be 

selected to exceed the likely maximum distance. 

While of course one positioning channel is sufficient for mere source 
identification and distance determination at least two channels are required for 
position determination within for example a room. 

30 It is noted that most audio systems have between two and six 

independent audio channels which can allow very accurate positioning. With 
three or more channels, for instance, it would be possible to dispose of the 
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time synchronisation requirement, as the time offset would then be a by- 
product calculation. Alternatively, a 3D position could be computed. 

In conclusion therefore, it should be appreciated that the invention 
discloses an arrangement creating a low-cost positioning system for an 
5 universal remote control device which can comprise an iPronto (trade mark) or 
Bluetooth enabled mobile device. It is also noted how this can help simplify the 
most common remote control requirements without compromising overall 
functionality. 

Although not detailed above, it will of course be appreciated that the 
10 remote control 14 is arranged to produce one of a plurality of control signals, 
the one being produced being determined on the basis of the source identified 
so that the signal is the correct one for controlling that particular source within 
the audio system. 



